The temperature dependence of the isothermal compressibility of vitreous silica has been studied by molecular dynamics simulation. The compressibility discontinuously jumps from %2 Â 10 À11 to %6 Â 10 À11 Pa À1 with a change in temperature up to %3200 K at which the thermal expansivity changes from positive to negative. The compressibility values were on the same order as that obtained by the light scattering experiment in the literature reported previously.
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1) The volume-temperature (V-T) curve of v-SiO 2 , however, is unusual which is different from other glass-forming materials. When cooling from the melt, the volume of v-SiO 2 shrinks and has a minimum at a temperature of T p . The volume then increases during the cooling to the glass transition temperature T g . At a temperature lower than T g , the volume simply decreases with decreasing temperature.
The compressibility of v-SiO 2 stepwisely changes at T g . Saito et al. measured the temperature dependence of light scattering which includes Rayleigh and Brillouine scatterings. 2, 3) The curve of the intensity I versus T bends sharply at T g % 1450 K. From the slope of the I-T curve, they obtained isothermal compressibility. The isothermal compressibility discontinuously changed at T g .
The V-T dependence of v-SiO 2 can be reproduced by molecular dynamics (MD) simulation. [4] [5] [6] Perchack and O'Reilly 4) reproduced the volume minimum using the pairadditive potential with a screened Coulomb term. 7) In their results, the volume-temperature curve depends on cooling and heating rates, and the parameters using pressure control. The condition dependence is determined from the fact that the holding time at each temperature is too short to equilibrate the system. 6) Yamahara et al. 5) also reproduced the volume minimum using a pair-additive potential with the exact Coulomb interaction term. The present authors compared the effects of the potential terms for reproducing the volume minimum. We showed that the pair-additive potential with the screened Coulomb term that appeared in ref. 5 is appropriate for reproducing the volume minimum. 6) The change in isothermal compressibility must provide a useful insight into the characteristics of glass transition because it must discontinuously change at T g . However, the temperature dependence of the compressibility of vitreous silica has not yet been studied by MD simulation to our knowledge. We then calculated in this study the temperature dependence of isothermal compressibility using the same potential as that in ref. 5 .
The potential contains the Coulomb, short range repulsion, dispersion and Morse potential terms as
Temperature was controlled by the scaling method, and the equation of motion was integrated using the velocity Verlet method with a time step of 0.5 fs, which is the same as that in a previous paper. 6) Starting from a cubic unit cell of -cristobalite containing 648 particles (216 Si and 232 O atoms), the silica was stepwisely heated from 300 to 7000 K at a heating rate of 500 K/100 ps. The system was then stepwisely cooled to 400 K at a cooling rate of 200 K/100 ps. After cooling to 400 K, the system was stepwisely heated up 7000 K again at a heating rate of 200 K/100 ps.
Pressure was loaded onto the sample after holding at each temperature for 100 ps. Pressure was progressively applied in steps of ð1{ 2Þ Â 10 8 Pa. The calculation was continued up to the pressure at which we can confirm the linearity of the specific volume versus the loading pressure as shown in Fig. 1 . From the slope of the plot, the isothermal compressibility T ¼ Àv Fig. 2(b) . The V-T curve has a maximum at T Ã (¼ 3200 K) and a minimum at T p (¼ 4800 K). At T . T Ã , the compressibility is 2 Â 10 À11 Pa À1 . At T % T Ã , the compressibility changes stepwise to %6 Â 10 À11 Pa À1 . The compressibility increases with increasing temperature at T > T p .
The discontinuous change in the compressibility suggests that T Ã is the glass transition temperature, and the atoms can move more freely at T > T Ã . The compressibility obtained by Saito et al. 2, 3) is also drawn in Fig. 2(a) . They used v-SiO 2 containing 50 wt. ppm OH. The results are compared by scaling the temperature so that T g ¼ 1450 K and T Ã became the same position. The temperature scale for their result is indicated on the upper side of Fig. 2(a) . Their values are 1:2 Â 10 À11 Pa À1 at T < T g and 8:2 Â 10 À11 Pa
À1
at T > T g , which are similar to the present results. The difference behavior T g and T Ã is usually observed in MD simulation at any potential because glass transition is a rate process and the simulation time is too short to compare with the time scale of experimental phenomena. 6) In summary, the temperature dependence of the isothermal compressibility of vitreous silica has been studied by MD simulation. The compressibility discontinuously changed from %2 Â 10 À11 to %6 Â 10 À11 Pa À1 with increasing temperature up to %3200 K at which the thermal expansivity changed from positive to negative. The compressibility values were on the same order as that of the experimental result obtained by the light scattering reported previously. 3)
